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INTRODUCTION 

Water hyacinth (Eichhornia crassipes) is an aquatic biomass species that exhibits 
prolific growth in many s s o f h e  world (1). It has  been suggested as a strong candidate 
for  production of methane because of high biomass yield potential (2). Several studies have 
been carried out which establish that  methane can be produced from water hyacinth under 
anaerobic digestion conditions (3-6). Both batch and semicontinuous digestion experiments 
were performed. The highest apparent gas yields reported were obtained in the  batch mode 
of operation over long detention times (4), but the yields were based on wet hyacinth 
containing unspecified amounts of water and ash. Some of t h e  data  in the literature on gas 
yield and production rate are  difficult to interpret because they a r e  experimentally observed 
values and are  not  reduced to standard conditions. The energy recovery efficiencies in the 
product gas a re  also not  available because the energy contents of the  feed were not 
determined. The work described in this paper w a s  initiated to  develop more quantitative 
data in terms of t h e  physical and chemical characteristics of water  hyacinth. 

MATERIALS AND METHODS 

Digesters 

The digestion runs were carried out in the semicontinuous mode in cylindrical, 
complete-mix, 7- II digesters (7). and the 
internal diameter of the  digesters w a s  19 cm. Continuous mixing a t  130 rpm was provided 
with two 7.6-cm propel ler type impellers located 7.6 and 15.2 cm from the digester bottom 
on a central shaft. 

The culture volume for a l l  experiments w a s  5 

Analytical Techniques 

Most analyses were performed in duplicate; several were performed in triplicate or 
higher multiples. The procedures were either ASTM, Standard Methods, special techniques as 
reported previously (8), or other techniques as  indicated by footnotes in the tables. 

Data Reduction 

Gas yield, methane yield, volatile solids reduction, and energy recovery efficiency 
were calculated by the methods described previously (8). All gas da ta  reported are converted 
to  60°F and 30  in. of mercury on a dry basis. 

Digester Feeds 

One-half t o  one ton samples of water hyacinth were harvested for  this work. 

Water hyacinth was harvested from an experimental sewage-treatment lagoon of 
NASA's National Space Technology Laboratory in Bay St. Louis, Mississippi. Whole adult and 
young plants were collected and fed directly to  an agricultural chopper that provided 
particles about 3 in. or  smaller in size. The chopped hyacinth was placed in polyethylene- 
lined fiber drums, frozen, shipped by refrigerated truck to  IGT, s tored a t  -lO°F, ground in a 
laboratory grinder, mixed in a double-ribbon blender to  ensure homogeneity, placed in one- 
half gallon cartons, and stored a t  about -20°F. 

\ 
During one of the  harvests (June 3,  1977), small samples of whole plants were also 

collected, in addition to  the chopped plants, and shipped separately to IGT overnight in sealed 
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bottles without freezing for moisture, volatile matter, and ash analyses. The results are  
shown in Table 1 along with the corresponding analyses for  the hyacinth t reated as described 
above. 

I 

Whole water hyacinth plants were collected from a 0.25-ac freshwater pond in the Lee 
County Hyacinth Control District, Fort  Myers, Florida. This pond is located northeast of 
For t  Meyers in an unincorporated area known as Buckingham and receives both surface run- 
off and ground water. The pond is stagnant, has no outlet, is about 3 m deep, and has a 
mucky bottom. The whole plants  were shipped by unrefrigerated truck to IGT in 
polyethylene-lined fiber drums. Af te r  arrival at IGT, the water  hyacinth w a s  treated in the 
same manner as the Mississippi shipments. 

Grinding of the water  hyacinth in the laboratory w a s  achieved with an Urschel 
Laboratory Grinder (Comitrol 3600) equipped with 0.030-in. cutting head. A typical particle 
size analysis is shown in Table 2, and t h e  effects  of storage time on the moisture, volatile 
mat ter ,  and ash contents a r e  shown in Table 3. 

The characteristics of the particular lots of hyacinth used t o  make the  feed slurries 
for the digestion runs reported in this paper a re  summarized in Table 4. Feed slurries were 
prepared fresh daily by blending the  required amounts of ground hyacinth and demineralized 
water. The pH of the digester 
contents w a s  maintained in the desired range by adding a predetermined amount of caustic 
solution to the feed slurry before dilution to the required amount with water. When added 
nutrient solutions were used, t h e  compositions of which a r e  shown in Table 6, preselected 
amounts were also blended with t h e  feed slurries before dilution to the final feed volume. 

The properties of the slurries a r e  compared in Table 5. 

I n n u m ,  Star t -up and Opera- 

The inoculum for the initial replicate digestion runs (Runs 1M-B and 2M-B) was 
developed by accumulating daily eff luents  from existing laboratory digesters operating on 
giant brown kelp and primary-activated sewage sludge as described previously (7). These 
digesters were then operated in  the semicontinuous mode with initial mixed inoculum 
volumes of 2.511 and a daily feeding and wasting schedule aimed a t  increasing the working 
volume to 5~ over  an 8-day period, a f te r  which a transition period was incurred to change the 
feed to 100% hyacinth (7). The total  time required from start-up to conversion to hyacinth 
feeds w a s  42 days. A second transition period was then used to adjust the operating 
conditions to a loading of 0.1 Ib volatile solids (VS)/ft3 -day and a detention time of 1 2  days; 
this required 21 days (7). Digestion was then continued a t  the target  operating conditions 
with hyacinth feed only. 

The experimental results obtained a t  steady s ta te  with Runs 1M-B, 2M-B and 
subsequent runs a re  shown in Table 7. Steady-state digestion w a s  defined in this work as 
operation without significant change in gas  production rate, g,as composition, and effluent 
characteristics. Usually, operation for  two or three detention times established steady-state 
digestion. 

Mesophilic Runs 1M-4, 1M-7, 1M-8, and 1M-9 were each successively derived starting 
from the initial Run 1M-B. Run 1M-4 shows the effects  of added nitrogen as an ammonium 
chloride solution. Run 1M-7 shows the e f fec ts  of terminating caustic additions to maintain 
pH. Run 1M-8 was developed by replacing the Mississippi hyacinth in the feed slurry with 
Florida hyacinth. Run 1M-9 is a continuation of Run 1M-8 except caustic additions were 
made to control pH. Run 2M-3 was derived from Run 2M-B and was carried out with 
additions of the  mixed nutrient solution. 

Thermophilic Run 1T-5 w a s  developed from the  effluents of mesophilic Runs 1M-B and 
2M-B. Successively, the effluents were collected and used as inoculum (16 days); the digester 
w a s  operated a t  the conditions of Runs IM-B and 2M-B to  stabilize the new digester 
(16 days); the temperature  was increased to 55OC and the digester w a s  kept in the batch 
mode (14 days); the  semicontinuous mode of operation w a s  s tar ted with gradual change of the 
detention time from 106 days to 16.7 days and of the  loading from 0.01 to  0.15 Ib VS/ftLday 
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(27 days); and Run 1T-5 was continued. Runs 1T-8, 1T-10, and 1T-11 were each successively 
derived starting from Run 1T-5. Runs IT-8 and 1T-10 were operated a t  higher loading ra tes  
and lower detention times than Run IT-5; ammonium chloride solution was added t o  each of 
these runs. Run 1T-11 is identical to Run 1T-10 except  that  nitrogen additions were 
terminated. 

Dewatering Tests 

Gravity sedimentation tes t s  were conducted by a modification of the  AEEP Method (91 
in which a 400-ml sample of the  effluent was examined in a 1- R graduated cylinder giving a 
fluid depth of 140 mm (7). Vacuum filtration tests were conducted by a modification of the 
AEEP Method (10) in which a 417-ml sample of effluent was filtered through a monofilament 
fi l ter  cloth (71. 

DISCUSSION 

Feed Properties 

The roots of water  hyacinth had higher ash and lower volatile mat te r  contents than 
other parts of the  plant a s  shown by the  data in Table 1. Harvesting and storage times a s  
well as the source of the plant seemed to have little effect  on the moisture, volatile matter,  
and ash contents of the  plants as illustrated by the data in Table 3. Samples harvested many 
months apart  in Mississippi had essentially the same volatile mat ter  and ash contents. The 
sample harvested in Florida had slightly higher volatile mat te r  and slightly lower ash 
contents than the Mississippi samples, but this might be  expected in view of the different 
growth media from which the hyacinth harvests were taken. The Mississippi hyacinth was 
grown in a sewage-fed lagoon, and hyacinth is known to take up heavy metals from such 
media (1). 

The data on the chemical and physical properties of the Mississippi and Florida 
hyacinths used in this work (Table 4) indicate some interesting differences. The C/N and C/P 
weight ratios a re  each lower for the Mississippi hyacinth than the Florida hyacinth, but both 
se t s  of ratios appear to be somewhat high when compared with the corresponding ratios 
supplied by suitable feeds for  anaerobic digestion such as  giant brown kelp and sewage sludge 
(7). Although analytical da ta  for the organic components in Florida hyacinth were not 
obtained, the relatively high hemicellulose content of the Mississippi hyacinth indicates 
potentially good digestibility (7). Interestingly, the theoretical methane yield derived from 
the empirical formula and stoichiometric conversion (7) of the Mississippi hyacinth has a 
maximum value about 14% higher than that of the Florida hyacinth. 

Comparison of the feed slurries (Table 5) also reveals some interesting differences. 
The slurry made with the Mississippi hyacinth had a lower pH and buffering capacity than the 
Florida hyacinth slurry and therefore needed more caustic for pH control. However, the 
ammonia nitrogen concentrations in each slurry appeared too low for good digestion when 
compared to the beneficial range for sewage digestion (1 1). Concentrations of calcium, 
potassium, sodium, and magnesium calculated from the da ta  in Table 4 for the feed slurries, 
assuming each element is totally dissolved, were either in the stimulatory range or less than 
the inhibitory range (1 1). Addition of sodium hydroxide for pH control, although increasing 
the sodium ion concentration several-fold, was still estimated to be insufficient to raise the 
sodium ion concentration to the inhibitory range. Also, addition of lime for pH control (Run 
lM-9) a t  the level required raised the calcium ion concentration in the  feed slurry but not 
enough to inhibit digestion based on sewage digestion and inhibition by metallic cations (11). 

Mes_ophilic Digestion 

Operation of replicate Runs 1M-B and 2M-B on Mississippi hyacinth without added 
nutrients showed good reproducibility and balanced digestion. Typical operating performance 
over a period of several detention times is shown in Figure 1. It  was found that to maintain 
pH in the desired range, about 45-50 meq of sodium hydroxide per  l i ter  of feed had t o  be. 
added. 
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To a t t empt  to increase methane yields, pure and mixed nutrient solution additions 
were made in Runs 1M-4 and 2M-3, respectively, while controlling pH with added caustic. 
Lit t le change was observed in digester performance; the gas  production r a t e s  and yields were 
about the same  as  those observed without nutrient additions. 

Elimination of both pH control and nutrient additions in Run 1M-7 resulted in small  
decreases in pH, methane yield, and methane concentration in the product gas, but overall 
performance in terms of volatile solids reduction and energy recovery efficiency as methane 
were about the s a m e  as those of the runs with pH control and with or without nutrient 
additions. 

Conversion from Mississippi hyacinth to  Florida hyacinth in Run 1M-8, which did not 
incorporate pH control or nutrient additions and which was identical t o  Run 1M-7 except for 
the feed source, showed significant reduction in most of t he  gas production parameters. Gas 
production r a t e  and yield and methane yield decreased, but digester performance was still 
balanced as shown by low volatile acids in the digester effluent and the methane 
concentration in the product gas. From the  elemental analyses and the theoretical methane 
yields (Table 4), the  methane yield for Run 1M-8 would be expected to be about 14% less than 
that of Run 1M-7; it decreased by about 41%. Prolonged operation of Run 1M-8 for over six 
detention times did not result in any improvement; the run exhibited steady-state 
performance with no change in methane yield o r  gas  production rate. Use of pH control 
(Run 1M-9) and continued operation reduced the methane yield even further. It was 
concluded from these experiments that  the Florida hyacinth sample contained unknown 
inhibitors o r  that  the Mississippi water  hyacinth contained unknown stimulatory components. 
The latter possibility was considered more likely because the Mississippi hyacinth was grown 
in a sewage-fed lagoon, and i t  is well established that normal sewage has good digestion 
characteristics (11). Also, i t  i s  known that  water hyacinth when grown in laboratory media 
enriched with nickel and cadmium, components often found in sewage, incorporates these 
metals and shows good digestion characterist ics (4). 

Thermophilic Digestion 

Digestion of Mississippi water hyacinth was carried out a t  55OC with and without 
nitrogen supplementation. Balanced digestion was achieved with all  four runs, Runs IT-5, 
1T-8, IT-10, and 1T-11. The  gas production r a t e  increased with decreases in detention time 
and increases in loading r a t e  a s  expected. Also, as expected, the gas  production r a t e  a t  55OC 
was higher than that at 35OC, and again there  was no apparent benefit of nitrogen additions. 
The methane yield ranged from 1.95 to  2.63 SCF/lb VS added over the  detention time range 
studied, 6 to 16.7 days. At the same 12-day detention times, the methane yield at 55OC, 
2.42 SCF/lb VS added (Run IT-81, was lower than those observed for all of t he  mesophilic 
runs a t  35OC with Mississippi hyacinth. However, comparison of the specific methane 
production rates  [methane production r a t e  t [loading x detention time)] in Table 7 shows that 
a t  the highest loading and shortest  detention time studied in this work (Runs IT-10 and 
1T-ll), the r a t e  of methane production p e r  pound of volatile solids added is higher at 55OC 
than a t  35OC even though the methane yields a r e  lower. 

Carhon and Energy Balances 

The difficulty of calculating carbon and energy balances for digestion experiments in 
which additions of alkali and nutrients a r e  made has been discussed before (7). These 
additives contribute t o  ash weights. The  two methods used to circumvent this problem in 
previous work (7) were also used in this paper. They a re  described in the footnotes to  
Table 8, which presents sample calculations by each  method for Runs 1M-B, 2M-E, and 1M-9. 
Run 1M-9 exhibited the largest  deviation from the theoretical carbon and energy balances; 
both balances were quite low and only accounted for 81 to  87% of the feed carbon and 86 to 
92% of the feed energy. The major reason for this is probably the deviation in the 
experimental gas production measurements. Run 1M-9 had the largest  coefficients of 
variation of all t h e  runs f o r  both gas  production r a t e  and yield (Table 7). 
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-ties of Effluent a_n_d_Digested Solids 

A comparison of fresh feed slurries and effluents from Runs 1M-B, 1M-4, and 1M-8 is 
presented in Table 9. The addition of sodium hydroxide for  pH control in Run 1M-B had the  
expected effects  on total and bicarbonate alkalinities, pH, and conductivity. The eff luent  
from Run 1M-4, which was subjected to both caustic and nitrogen additions, showed t h e  same 
trends except that the ammonia nitrogen concentration also increased. Run 1M-8, which had 
neither caustic or nitrogen additions, showed a significant increase in alkalinities and a major 
reduction in volatile acids. The volatile acids present in the fresh feed slurry were expected 
to undergo a large decrease on balanced digestion. However, the conversion of non-ammonia 
nitrogen in the  feed to  ammonia nitrogen in the effluent is not  apparent in these runs in 
contrast to the usual increase observed on digestion (7). Also, because of the  moderate to 
low volatile solids reductions in these experiments, the chemical oxygen demands of the  
digester effluents are relatively high. 

A few experiments were carried out to examine the  gravity sedimentation and 
filtration characteristics of digester effluent from Run 1M-B. The sedimentation results for  
unconditioned and conditioned effluent a r e  shown in Figure 2. The settling characteristics 
were poor and the conditioning t reatment  improved settling only slightly. 4 more detailed 
study is necessary to optimize the conditioning method. Similarly, the filtration 
characteristics of the  conditioned and unconditioned effluent shown in Table 10 were poor. 

The properties of the dry feeds and digested solids from Runs 1M-B, 2M-B, and 1M-9 
are listed in Table 11. Carbon content, volatile mat ter ,  and heating value of the  total 
digested solids decreased on digestion as expected while ash content  increased. The heating 
value per pound of contained carbon remained reasonably constant from dry feed to dry 
digested solids, but there appeared t o  be a significant reduction in the heating value of the  
volatile mat te r  in the Florida hyacinth residual solids, while the heating value of the 
Mississippi hyacinth residual solids remained about the same as the feed. As indicated in 
previous work (7), this may be due to  the difference in degradabilities of different organic 
components. 

Thermodynamic Estimates 

The maximum theoretical methane yields uncorrected for  cellular biomass production 
for  the Mississippi and Florida water hyacinth samples used for  the digestion runs were 
estimated to be 9.36 and 8.20 SCF/lb VS reacted (Table 4). Assuming that  7% of the protein 
and 20% of the  carbohydrate is converted t o  cells on one pass through the  digester, the  
maximum theoretical yield of methane for Mississippi hyacinth is given by (7): 

SCF CH SCF CH4 (1 lb VS added - 0.195 lb VS to cells) (9 .36  Ib vs rea:ted) = 7.53 l b  VS-pass 

If the  same conversion factor  is assumed t o  be valid for the Florida hyacinth sample, the 
corresponding yield is 6.60 SCF CHr/ lb  VS-pass. The highest experimental methane yields 
observed for the Mississippi and Florida hyacinth samples used in this work a re  3.13 and 
1.66 SCF/lb VS added, o r  about 42% and 25% of these theoretical values. 

Com&son With Other  Substrates - -- 

The methane yields, volatile solids reductions, and energy recovery efficiencies as 
methane in the product gas from experiments carried out under similar high-rate conditions 
with other substrates are summarized in Table 12 (7) along with t h e  results from Run 2M-B. 
The relatively narrow span of the  yields and efficiencies when considered together suggest 
that  standard high-rate conditions in the conventional range tend to  afford about the same 
digestion performance with degradable substrates. The basic organic components groups in 
these substrates a r e  similar. Usually, the largest fraction consists of mono and 
polysaccaharides and the  smallest fraction is lignin, if present a t  all. The protein content is 
usually intermediate in concentration. Experimental data  indicate tha t  the hemicelluloses 
a r e  generally more degradable than the cellulosics on digestion (7), and that  the cellulosics 
and protein fraction a re  lower in degradability than the monosaccaharides (12). Thus, feeds 
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high in hemicelluloses and monosaccaharides should exhibit high gasification rates, but the  
actual concentrations of these components in the feeds might be expected t o  govern gas 
yields. Further  improvements in yields and energy recovery efficiencies are therefore more 
likely through post- or p r e t r e a t i n g  procedures that increase the degradabilities of the 
resistant organic components in biomass, or through longer residence times. For example, 
about 90% of the monosaccaharide glucose was converted t o  product gas on anaerobic 
digestion a t  an overall residence t ime of about 4.5 days in a two-phase system (131, while 
long-term digestion of cellulose indicates an ult imate anaerobic biodegradability of about 
75% (14). A mixed biomass-waste feed containing water  hyacinth has been estimated t o  have 
an ultimate biodegradability of 66% (15). 

CONCLUSIONS 

Water hyacinth under conventional high-rate digestion conditions exhibited higher 
methane yields and energy recovery efficiencies when grown in sewage-fed lagoons as  
compared t o  t h e  corresponding values obtained with water hyacinth grown in a fresh-water 
pond. Mesophilic digestion provided the  highest feed energy recovered i n  the product gas as  
methane while thermophilic digestion, when operated a t  sufficiently high loading ra tes  and 
reduced detention times, gave the highest specific methane production rates. Methane 
yields, volatile solids reduction, and energy recovery as  methane for the sewage-grown water 
hyacinth were in t h e  same range a s  those observed for other biomass substrates when 
digested under similar conditions. 
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Table 1 .  UOISTLIRE. VOLATILE HATTER. A m  ASP COSTEST or 

Harvested 6-3-77 
MISSISSIPPI WATFR HYACINTH PLANT PARTS 

Plant Part 

Root. 

stem. sro1on 

Stern. Svbfloaf 

Stem. Float  

Leaf 

A"VerAge 

m o l e  (Chopped, Frozen, 
Thawed, Ground)' 

mistYre v o l a t i l e  narrcr 
ut 2 

91.2  63.6 36.4 

90. 4 8 0 . 5  19.5 

90.9 81 .2  18 .8  

91.1 8 0 . 1  19 .1  

17.4 82 .6  87 .5  

90.2 77.7 22.3  

- - - 

95.3  77.7 22.4  

a After shipment to laboratory. thawing. and grinding. 
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Table 2 .  TYPICAL PARTICLE SIZE ANALYSIS OF GROUND WATER HYACINTH 

u. s. sieve sire, mm 
1 . 1 8 0  

0.600 

0 . 2 9 7  

0 . 2 5 0  

0 . 2 1 2  

0 . 1 8 0  

0.149 

0 . 1 0 5  

0.063 

Retained on Sieve. W t  2 

0 
1 2 . 7  

34.5 

72.7 

7 8 . 2  

85 .5  

8 9 . 1  

94 .8  

9 8 . 2  

A80030702 

Table 3. EFFECT OF SOURCE, HARVEST TIME, AND STORAGE ON MOISTURE, 
VOLATILE MATTER, AND ASH CONTENT OF WATER  HYACINTH^ 

Source 

Bay St .  Louis ,  
M i s s i s s i p p i  

Fo r t  Myers, F lo r ida  

Harvest Date S to rage  Time, mth 

6-3-77 2.5 

2.8 

7.8 

6-21-78 0.2 

2.2 

7-19-78 2.8 

3-13-78 0 . 5  

5.0 

Moisture  V o l a t i l e  Ma t t e r  Ash 

W t  x 

95.3 77.5 22.5 

95.3 77.9 22.1 

95.0 76.9 23.1 

94.3 76.5 23.5 

94.3 75.2 24.8 

94.5 78.8 21.2 

94.7 79.9 20.1 

94.3 80.9 19 .1  

a A l l  samples ground wi th  0.030-in. c u t t i n g  head of Urschel  g r i n d e r ,  homogenized, s t o r e d  a t  -20"F, and 

A80030698 

thawed before  a n a l y s i s  i n  t r i p l i c a t e .  
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T a b l e  7.  

Run 

Peed Source 

Operarini Condirion 

Tempernrure. 'c 
PHb 
cauer icaoorage ,  oeq/P 

feed  

Loading Rare. 
I b  VS/ft'-day 

oerenrion Time. day 

Iorsl S o l i d s  in Feed 
S l u r r y ,  Y f  z 

Feed S l u r r y .  rl  1 
VDlaf i le  S o l i d s  i n  

Nutrients Addedb 

C I N  Rat io  in Feed 
Slurry 

S l v r r y  

Detention Times 
Operated 

C l P  Pat io  i n  Feed 

Gar Product ionC 

Gee Product ion  ~ a f e ,  
uol luol -day  

Cas Yield .  SCF/lb 
YS added 

Methane Concenrraiion. 
m o l  2 

Methane Yield. SCFllb 
V S  added 

1"-8 

nie8. 

35 
1.01 

4 9  

o.ia 
12 

2.47 

1.92 

0 

21.0 

8 9 . 3  

5.1 

SUMMARY OF SELECTED STEADY-STATE DIGESTION DATA 

21-8 IN-4 

Hies. nio.. 

31 35 

7.05 1.02 

45 4 1  

a.10 a.10 

12 12 

2.47 2.47 

1.92 1.92 

a N 

21 .a  8 .2  

89.3 89.3 

5.1 2.8 

S p e c i f i c  Hethane Produc- 
tion Rate. SCFllb V S  
added-day 0.26 0.26 0.21 

E f f i c i e n c i e s  

Yolarile Sol ida  

Feed Energy Recovered 

Reduction. X 28.8 2 9 . 8  28.5 

8 s  Methane. I 31.2 3 5 . 1  33.9 

Eff luent  Volatile Acids. 
mg/1 as HOAe 21 26 26 

2n-3 

HISS 

35 
6.99 

50 

0.10 

12 

2 . 4 1  

1.92 

nr: 

8.2 

1 1 . 2  

2.8 

in-7 
HISS. 

35 

6.72 

0 

0.10 

12 

2.47 

1.92 

0 

21.0 

R 9 . 3  

2.7 

in-8 
F1;1. 

35 

6.57 

a 

0.10 

12 

2 . 4 1  

1.92 

0 

2 6 . 1  

103 

6 . 6  

In-9 

PI. .  

35 

6 .87  

31 

0.10 

12 

2.41 

1.92 

0 

2 6 . 1  

103 

3.5 

IT-5 

Hiss .  

5 1  

7.08 

21 

0.15 

16.7 

3 .10  

2.87 

0 

21.0 

89.3  

1.0 

IT-8 
Hiss. 

55  

i . ao  

17 

0.21 

12 

5.19 

4.03 
N 

11.8 

89.3 

1 . 4  

1T-m 
MISS. 

5 5  

6.82 

4 

0.30 

6 

1 . 4 1  

1.76 

N 

15.1 

89.3 

3.0 

0.483(1) 0 . 4 8 8 ( 1 5 )  0.268(13) 0.179(21) O.b88(10) 0.861(11) 1.062(6) 

4.82(81 4 . 8 8 ( 1 5 )  2 .69 (12 )  1 .19(21)  4.58(8) 4.11(10) 3.15(5) 

60.6 17.4 6 1 . 8  6 6 . 2  51.1 58.7 57.9 

2.92 2 . R O  l . 6 h  1.19  2.63 2.42 2.06 

0.24 0 . 2 3  0.14 0.10 0.16 0.20 0 . 3 4  

28 .9  29 .2  17 .0  11.1 27.4 2 4 . 6  2 1 . 3  

31.3 32 .0  21 .1  15 .2  30.0 2 1 . 6  23.5 

S I  9 5 63 7 10 21 

a pH mainta ined  as Indicarsd  by a d d i t i o n  of sodium hydroxide  x a l u t l u n .  v x r r p l  fur  Hun lb l -9  *IIICTC 1 i m  "1% w c d .  Vu c i i i i r t i c  a d d i t i o n s  w e r e  
made (01 Runs 1"-7 and 1M-8. 

"0" denotes  no OYtrientS added fo feed slurry. 
solution added ce feed  s l u r r y  

"1i.V" denutc.c n l r e d  nurricnr solution addrd t o  f w d  ( . lurrv .  "V" denotes ammonium r h l o r l d e  

IT-11 
Hiss. 

5s 

6.80 

5 

0.30 

6 

7.41 

5.16 

0 

21.0 

89.3 

1.0' 

1.026(6) 

3.41(8) 

57 .3  

1.95 

0.33 

20.4 

22.3  

16 

B8 003 07 04 
lean values; the valves i n  parentheses are c o e f f i c i e n t s  o f  varla~ion. 
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I Run 1M-B 
Run 2M-B 

Accounted For 
Feed Carbon % Feed Energy, % 

99.5,a 10Zb 105,a 107b 
98.3,a 100b 104,a 106b 

Run 1M-9 80.8,a 87.0b 85.7,a 91.gb 

a Calculated from experimental determinations for moisture, volatile 
solids, ash, carbon, and heating values of feed and digested solids, 
and yield and composition of product gas. 
solids calculated from percent volatile solids reduction. 

Calculated from parameters in footnote "a" except that ash in digested 
solids estimated by assuming original ash in feed is in digested solids, 
that NaOH used for pH control is converted to NaHC03 on ashing at 550°C 
and remains in ash, and that NHbC1, if added, is volatilized on ashing. 

Volatile solids in digested 

Table 9. COMPARISON OF FEED AND DIGESTER EFFLUENT SLURRIES 

Mississippi Florida 
Hyacinth Hyacinth 

Reactor Slurry Run 1M-B Run 1M-4 Slurry Run 1M-8 

Total Alkalinity, 

PH 5.01 7.05 7.02 6.10 6.57 

Bicarbonate Alkalinity, 
mg/R as CaC03 302 3,390 3,430 556 2,290 

Conductivity, umholcm 3,500 5,620 9,870 2,100 2,680 

Volatile Acids, 

mglR as CaC03 425 3,400 3,460 1,443 2,300 

mglR as HOAc 173 27 26 1,065 5 
Chemical Oxygen 

Demand, mgfR 15,860 12,020 -- 17,479 14,630 

Ammonia N, mg/R as N 28 27 640 9 2 

A80030701 
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Table 10. VACUUM F I L ~ T I O N  CHARACTWISTICS OF DIGESTION EF'FLUBNT 
(Run m-B) 

Effluent cake Yield' 
nry c0h. ~ t ~ t ~ . t c .  

VEL* X of 1s Ts, w t  I VS. W t  I of TI Ib/ft'-hr Ib/lb d n  cake bndltlonedb 

1.63 60.7 11.5 82.1 1.15 136 m 

1.60 61.3 14.6 13.5 O.hhS 120 T*. 

Table 11. CCFIPARISON W DRY FEED AM) DIGESTED SOLIDS 

nun in-n RY" m-a 
Florid. 
Ry.Einrh 

41.1 31.1 3 1 . 3  h 0 , 3  

5 .29  3.82 3.18 h.60 

1.9b 1.98 1.98 1.11 

9S.l -- - 9 P . S  

17.1 60.1 60.1 8O.b 

22.4 39.3 39.1 19.6 

(,US6 1.280 5.269 6,389 
8.862 8.69~ n.6~1 1.917 
16,lSb 16.656 16.710 15.851 

27.3 

3.30 _- 
- 
69.4 
30.6 

1.391 
6,327 
16.08h 

Table 12 .  COWARISON OF STEADY-STATE METHANE YIELDS AND EFFICIENCIES UNDER STANDARD 
HIGH-RATE CONDITIONS' 

Coas t a l  B rmuda Kentucky Giant  H i a s i s s i p p i  Primay 
Crass  Bluegrass Brown Kelp Water Hyacinth' Bludge 

Methene Yield. 

3.51 2.54 3.87 3.13 5.3 SCF/lb VS added 

Vola t i l e  So l ids  
Reduction, 2 

Energy Recovered a B  

37.5 25.1 41.7 29.8 41.5 

41.2 27.6 49.1 35.7 4 6 . 2  Methane, X 

a Loadings of about 0.1 l b  VS/ft'-day. de t en t ion  time If 12 days, 35.C. 

Supplemented wi th  added ni t rogen.  

Run zn-8. 
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